INTRODUCTION
waters at a catchment scale. It is estimated that constructed wetlands can retain 20-90% nitrogen and 25-95% phosphorus. There are many technical solutions for a design of constructed wetlands, such as retention ponds, purification ponds, wide drainage ditches and many others using various species of vascular plants [Schoumans et al., 2014; Pietrzak, 2012; Feurbach, Strand, 2010] .
A high concentration of various sources of organic and biogenic pollution on dairy farms may pose a risk of soil and groundwater contamination. The areas located near livestock buildings and manure storage places are especially exposed. High nutrient losses to surface water and ground water are characteristic for the built-up areas, especially hardened [Pietrzak, 2012; Rossa, Russel, 2011] . The concentration of nitrogen and phosphorus compounds in the outflow water from the built-up rural areas is much higher than from the urban areas. Hence, the solutions that reduce nutrient loss from agricultural sources should be implemented . Constructed wetlands can become a popular solution for treating rainwater in rural areas, because their construction does not require high expenditures.
In this paper, the results of the research on the effectiveness of the constructed wetland receiving rainwater runoff from a dairy farm are presented. The research was conducted at the Institute of Technology and Life Sciences in Falenty, in the years 2014-2018. The tested wetland was built as part of the SERA project "Self-evaluation and risk analysis by farmers concerning losses of nutrients and low cost remedial measure" in cooperation with SLU Uppsala in Sweden.
The aim of the presented work was to assess the possibilities of treating a rainwater runoff from the experimental dairy farm yard in the constructed wetland. In the years 2014-2018, the pH, conductivity as well as the content of ammonium nitrogen, nitrate nitrogen, phosphate phosphorus and chloride were determined in the surface runoff from the farmyard and the outflow from constructed wetland. The research allowed assessment of the degree of runoff pollution in relation to legal requirements, assessment of species composition changes and calculation of the average efficiency of treatment and its relationship with the concentration of nutrients in the inflow to the constructed wetland.
MATERIALS AND METHODS
The tested constructed wetland is located in the Masovian Voivodeship in the Pruszków district. The main purpose of this object was the treatment of the runoff water from the yard of the ITP experimental farm, which breeds dairy cattle. In the livestock buildings of the farm, two cowsheds and a covered shed, there were about 200 cattle, periodically.
On the yard with an area of 1.100 m 2 , there is also a cow paddock, liquid manure tank, silage silos and a tractor parking. Solid manure was transported outside the yard to manure pad, and then used to fertilize arable land and grassland. The liquid manure was discharged into a slurry tank, and after a fermentation period, it was exported to grassland and, to a lesser extent, to arable land.
The yard surface is mostly (70%) paved. The layer of soil should be periodically removed, but most often it flows as a suspension together with the drained rainwater.
Rainwater was discharged to a 47 m long collecting channel, and then to two reinforced concrete wells with a diameter of 1.2 m each, connected in series. When the volume of runoff exceeded the usable capacity of the well, the excess water was discharged from the first well through an overflow, via a 46 m long pipe to the first deeper settler of the constructed wetland. The outflow from the constructed wetland was discharged into a drainage channel and then into a drainage ditch.
The two wetlands, characterized with similar area (30 m 2 ), were constructed for the same purpose, namely to reduce particle, N and P load in runoff water, but their shape and design are different. The bottoms of two tanks were lined with a layer of sand (5 cm), anti mole netting, foil, layer of soil (10-20 cm) and gravel (10-15 cm). The height of the dike was 10 cm above the water level, the slopes 30-35 o . The banks of constructed wetland as well as the inlet and outlet ducts were covered with crushed stone.
In the first, deeper settler, soil particles, insoluble organic matter and nutrients are retained. The water-soluble substances are removed, followed by a shallow area with emergent by plants: Juncus effusus, Schoenoplectus lacustris, Sparganium erectum, Iris pseudacorus, Carex riparia, Glyceria maxima.
In the years 2014-2018, the water samples from inflow and outflow of wetlands were collected in accordance with the requirements of the Polish PN-EN ISO 6878:2006 standard. Thirty eight measuring series were carried out. The following samples were determined:
• pH -potentiometric method according to PN-EN ISO 10523: 2012, using a pH meter from Mettler-Toledo, • electrical conductivity -conductivity method according to PN-EN 27888: 1999, using a Metler-Toledo conductivity meter, • nitrate nitrogen concentration -colorimetric method with segmented continuous flow system; addition of ammonium chloride, according to SKALAR methodology, • ammonium nitrogen concentration -colorimetric method with segmented continuous flow system; addition of sodium salicylate, according to PN-EN ISO 15681-2 and SKA-LAR methodology, • phosphate phosphorus concentration -colorimetric method with segmented continuous flow system; addition of ammonium molybdate and ascorbic acid, according to SKALAR methodology, • chloride concentration -titration with silver nitrate, according to PN-EN-ISO 9297: 1994, using the Titrino from the Metrom company.
An assessment of the quality of raw and purified rainwater runoff was carried out based on the ordinances of the Minister of the Environment from 2014 and 2018 concerning the quality of sewage discharged into waters and classification of surface waters.
Efficiency was determined on the basis of subsequent values of the analyzed pollution indicators in inflowing (Cd) and outflowing (Co) rainwater from the farm yard, according to formula 1.
A statistical analysis of the correlation between tested pollution indicators and treatment efficiency was carried out with the help of the Statistica v. 7 software.
The species composition in second wetland reservoir was determined with the botanicalweight method.
RESULTS AND DISCUSSION
A high concentration of ammonium nitrogen and phosphate phosphorus in rainwater discharged from the dairy farm yard was observed. On the other hand, the nitrate nitrogen concentration was low, and the chloride concentration in the inflow to the constructed wetland was kept within an acceptable low range. The first table presents the average minimum and maximum values of the tested indicators in the years 2014-2018.
The nitrogen was observed mainly in the ammonium form, and came from the transformation of urea contained in the urine of paddock animals, as well as from the leaks occurring during the collection of liquid manure in the tank. Phosphate phosphorus was washed along with a layer of soil, straw and feed residue from the yard in the form of surface runoff. Nitrogen fertilizers were not used on the farm; therefore, high concentrations of nitrate nitrogen did not occur.
A similar ratio of N-NH 4 : N-NO 3 : P-PO 4 was observed during the preceding tests of the quality of outflow from dairy yards [Rossa, 2012] .
The phenomenon of transferring high amounts of phosphorus to surface runoff from hardened surfaces on farms and in small agricultural In relation to the requirements for domestic sewage, excessive concentrations of ammonium nitrogen were found in the inflow of rainwater, and sporadically in the outflow of rainwater discharged from the constructed wetland. Exceeded values of permissible phosphate phosphorus concentration in the incoming rainwater and -less frequently -in the outflow from the wetland, were observed. On the other hand, no exceedances of permissible nitrate nitrogen and chloride concentrations were observed. In most of the surface runoff samples, there was an excessive concentration of ammonium nitrogen and phosphorus phosphorus in relation to the surface water requirements. The concentrations of nitrate nitrogen and chloride significantly less often exceeded the permissible values for surface waters. Table 2 presents the number of samples in which the values of tested indicators were exceeded for domestic sewage discharged into waters. (Reg., 2014). In both cases, in the inflow of contaminated rainwater from the farmyard and the outflow from the constructed wetland, statistically significant correlations between the concentrations of ammonium nitrogen, phosphate phosphorus, chlorides and conductivity were observed. The correlation coefficients are presented in Table 3 .
The ammonium nitrogen and phosphate phosphorus concentrations were also correlated with conductivity, as shown in surface charts using nonlinear modeling in Figures 2 and 3 .
In many constructed wetlands, the concentration of total nitrogen and phosphorus in the outflow is positively correlated with the concentration in the wastewater flowing into the treatment plant and negatively with their load. [Pavlineri, Skoulikidis, Tsihrintzis, 2017] . There was also a correlation between the concentration of nitrogen and phosphorus in the wastewater treatment plant [Jakubaszek, Wojciech, 2014] .
In the tested constructed wetland, the treated runoff was from the yard of a large farm, where a herd of dairy cattle was kept. Typical agricultural pollution was observed -ammonium nitrogen and phosphate phosphorus, originating from animal excrements, natural fertilizers and waste from feed production in characteristic proportions [Lisowska-Mieszkowska, 2014; Pietrzak 2009 ].
In the years 2014-2018, the average treatment efficiency in the constructed wetland was 58.7% ammonium nitrogen, 50% phosphate phosphorus, 54.8% nitrate nitrogen and 32.3% chlorides. The changes in the average annual efficiency in subsequent years of the study are shown in Figure 4 . In the initial study period, the efficiency of removing excess ammonium nitrogen and phosphate phosphorus compounds was high, ranging from 50 to 75% for N-NH 4 and from 31 to 70% for P-PO 4 . The reduction of treatment efficiency in 2018 was probably due to the periodic leakage of the sewage system. The nitrate nitrogen concentrations were so low (0.75 mg/dm 3 on average) * correlation significant for p˂0.05, ** correlation significant for p˂0.01. that it is difficult to assess the degree of their removal, while the efficiency of chloride removal stabilized at 42 to 47%. There was a significant correlation (p˂0.01) between the efficiency of ammonium nitrogen and phosphate phosphorus removal (r = 0.67), while there were no statistically significant correlations between the initial concentration of the compound and the effectiveness of its purification.
The efficiency of removing contaminants in the tested constructed wetland with horizontal flow was similar to that described in the literature. The nutrient retention efficiency amounts was described as from 40 to 55% of total nitrogen and 40-60% of total phosphorus for wastewater [Vymazal, 2007] , 20-19% N and 25-100% P for the outflows from fields [Pietrzak, 2012] and 36% phosphorus from watercourses Relatively large phosphorus retention is associated with the presence of the first deeper reservoir, which acts as a "phosphorus trap", retained by sedimentation of suspended solids, according to the mechanism described in the literature [Wu, Zhang, Li, Fan, Zou, 2013; Ulen. Pietrzak, Tonderski, 2013].
In the years 2014-2018, the species composition of the plants changed significantly. At the beginning of the study, a reduction in the presence of the Sparganium erectum and the Iris pseudacorus was observed, then the Juncus effusus disappeared, while Schoenoplectus lacustris and the margin sedge Carex riparia occurred. There was a clear expansion of the hydrophyte -Gliceria maxima. Figure 5 presents the changes in the species composition of plants in the constructed wetland during the research work.
The expansion was caused by better properties of the Gliceria maxim compared to other hydrophytes -high botanical resistance, good evapotranspiration and the best ability to accumulate the nitrogen and phosphorus compounds [Jucherski, Walczowski, 2012 : Obarska-Pempkowiak, 2002].
CONCLUSIONS
1. The main pollutants in the outflow of rainwater from the dairy farm yard were the compounds of ammonium nitrogen and phosphate phosphorus. 2. The concentrations of ammonium nitrogen compounds exceeded the permissible values for the treated domestic sewage in 30.8% of samples, and concentrations of phosphate phosphorus compounds in 67.7% of the collected rainwater outflow samples. 3. There was a strong positive correlation between the concentration of ammonium nitrogen and phosphate phosphorus, both in the inflow (r = 0.6, p˂0.01) and in the outflow (r = 0.67, .01) of waters from constructed wetland. 4. In the years 2014-2018, the average treatment efficiency in the constructed wetland was 58.7% for ammonium nitrogen and 50% for phosphate phosphorus. 5. In the second constructed wetland reservoir, there was a permanent expansion of Gliceria Maxima.
